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Problems for automated vehicle
sensors and positioning

> Snow

> Ice

> Heavy rain

> Sand

> Dust

> Fog

> Norther latitudes

> Aurora Borealis

Co-financed by the European Union Pictures: Wikimedia Commons, Risto Kulmala and Norwegian Public
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Background

Lk

»Advance of road transport automation s
development and possibilities in Finland and |
internationally

»Road Transport Automation Road Map and 016-202
Action Plan 2016-2020 i

»Study of road transport automation and
intelligent infrastructure in north arctic
conditions
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https://julkaisut.vayla.fi/pdf8/lts_2016-19eng_road_transport_web.pdf
https://julkaisut.vayla.fi/pdf8/lts_2016-19eng_road_transport_web.pdf

Finnish NordicWay2 projects

> NordicWay?2 pilots 2017-2020

> Aim to enhance road transport
safety and flow

> C-ITS pilot: C-ITS Day 1 and 1.5
messages and European
interoperability (C-Roads)

> Arctic Challenge: support
infrastructure readiness for connected
and automated driving

> NordicWay2 budget 18,9 ME

> Finnish budget 5,6 M€, which of
Arctic Challenge 3,5 ME

> European Commission EU CEF funded
50 %

Co-financed by the European Union
Connecting Europe Facility
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Finnish pilot 1 — The Arctic Challenge:
Automated driving in showy and icy arctic

conditions

> Objective: infrastructure for CAD

in arctic conditions: landmarks,
positioning, hybrid C-ITS and
vehicle remote control using
cellular

> Location: E8 (road 21) Aurora-
Borealis corridor and 10 km test
section for automation

> Budget: 3,5 million euros

NS
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Facility of the European Union

TRATICCM

E8 - the Aurora Borealis Corridor

European digital cross-border
corridor for CAD testing & @ Tromsg

NORWAY (FINLAND

A Kittilé
@ Kolari

W Co-financed by the Connecting Europe
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Arctic Challenge studies

1.Posts and poles for guidance and positioning: What landmarks, such as delineators

and reflective posts, or snow poles and plot access marks, support automated driving? Where
should these be located? What should they be like?

2.C-ITS hybrid communication: How could the C-ITS Day 1 hybrid services improving
traffic flow and safety be implemented on the main road 21 and Highway E8 Aurora Borealis
Corridor between Kolari, Finland and Tromso, Norway, and what is their technical operability?
What Day 1 services should be implemented in the Aurora Borealis Corridor?

3.Communication infrastructure and remote driving: How does the remote control
and monitoring of vehicles work in 4G and in the first stage of the 5G network in good/poor
weather and road conditions? What minimum requirements should the communications network
meet to enable remote control of automated vehicles?

4.Positioning of vehicle: In what way and how accurately could a vehicle be positioned to
fulfil the needs of automated driving at northern latitudes where no edge markings or roads can
be recognised? How can different methods be applied to special locations and situations, such
as blind spots or glare?

NS
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Three Arctic Challenge coalitions — 15 companies

> Lapland university of Applied Sciences and Roadscanners

> Sensible 4, Metropolia Ammattikorkeakoulu, Finnish Meteorological Institute, Sharpeye
Systems, MHR Consulting, F-Secure, Solidpotato and Nodeon

> VTT Technical Research Centre of Finland, Infotripla, Indagon and Dynniq
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Test fests

I

15.-19. 1.-5. March,
January October April and
2018 2018 June 2019
\ﬁ i WA Co-financed by the Connecting Europe
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BRI Facility of the European Union
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Nordic
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Studies:

1.Posts and poles for guidance
and positioning

2.C-ITS hybrid communication
— Safety Related Traffic
Information

3.Communication
infrastructure

4 .Positioning of vehicle

30 March, 2020 8



1. Posts and poles
for guidance and
positioning: passive

What landmarks, such as delineators
and reflective posts, or snow poles and
plot access marks, support automated
driving? Where should these be
located? What should they be like?

roroseafee

-

LAPIN AI:'IME

Lapland Lisiwirsity of Applind

Material: Chris Handel, Roadscanners,
chris.handel@roadscanners.com




Introduction

Autonomous Driving

nﬂng@ns

-
LAPIN AMK |

Lapland University of Applied Sciences

- An autonomous vehicle is a vehicle that is capable of sensing S
its environment and maving with little or no human input. [1] o
DeetETnmh

- SAE's level (Society of Automotive Engineers) [2]

Park
. - . Amsistances
- Combine a variety of sensors: Radar ' ' Rear  Surround
cameras o
Lidar

f GPS
ultrasonic sensors

B Long-Range Reder

B upag Surmound View :
Carmsea
I Short-/Medesm Range Reda

B wirascund

Challenges: - snowy & icy road conditions

= mﬂgnEt|C Etﬂrmg [Aurﬂm BanaliS} St hwiow. kel bk cossFi o r-usien-duteno = o -cir-h pli-aeald-Sadthe-raad)

Radars and passive radar reflectors could be the key to overcome detection problems
under extreme weather conditions. (operate in almost all environmental conditions)

BEYOND

THE 1] Guhrig, Sealan E; Swis, Fridgal 1. (1999, Dllllr\-lljuﬂlu sl cartagrashy wing sleras dson los an anomatiad car, Inersatena | Cenlirancs an i Epes? Rokots and Setanm. 3. Epongju. pe. 2507=-2512
30 TR o ¥
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SURFACE

Arctic Challenge/ Dr. Chris Haindel
4 £l Roadscanners. All Rights Reserved.
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Materials and Methods

ROADSC@RS
|

Test Fields LAPIN AM K-l

Lapland University of Appliod Sciences

Test field 1: Near Rovaniemi Airport (2018) Test field 2: In Muonio (4.3. - 8.3.2019)

cold and icy conditions (6 < -14°C)

Arctic Challenge/ Dr. Chris Hindel
© Roadscanners. All Rights Reserved.
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Materials and Methods B

Radar Reflectors

« Self-designed tubular reflector pole containing three
corner reflectors

« 100 pieces were ordered and positioned in Muonio

22,
O"M'&
\\
~
~

N
pcle position Lz
BEYOND p empty position
THE reflector location

SURFACE

Muonio (1.5 km section)

LAPIN AMK '
Lagiand Universtty of Agglied Sciences -
ROAD;SiA”NNERS

Include up to 3 corner reflectors (@ 18,4 cm)

590 |

2301.38

1843.63
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.
Materials and Methods SO AKX

.
ROADSCANNERS
———
1
The Van
1) Laser 1 4) Laser 2
(facing to the ground) (facing forwards)
2) GPS, IMU
3) Video (front/ditch) 5) Radar system:

ARS 408-21 sensor
from Continental AG

Arctic Challenge/ Dr. Chris Handel
® Roadscanners. All Rights Reserved.
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Summary of the posts and poles
field tests

>

Influence of Human presence & test field
background

Typical reflector test (reflectors & angle)
The influence of Snow on radar reflector
Test field background without reflector poles
Test filed with reflectors (80 km/h)
Influence of the driving speed on positioning
Other vehicles on the test field

Influence of Blowing snow

TRATICCM
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2. The Test Field with Reflectors in Muonio (80 km h1)

« ARS 408-21 sensor from Continental AG "iad ?
|
( |
c |
2
reflector poles ] E @ Refl. no. 24
®
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o i3 @ Refl. no. 23

w
% lateral distance
Q. — e — ] ﬂ
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Position of the radar

"National Land Survey of Finland” WMS server

Arctic Challenge/ Dr. Chris Handel
© Roadscanners. All Rights Reserved.
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-

- The radar from Continental performed best for our future applications concerning accuracy, resolution, data output and handling.

- Self-designed @20 em corner reflectors are a practicable, cheap and easy-to-produce alternative for our purposes to current
products on the market.

- The detected signal strength (RCS) depends strongly on the angle between the corner reflector and the radar. Based on this result,
we developed a tubular reflector containing three @20 cm corner reflectors.

- Self-designed reflectors are well detectable at 80 km h-! with all applied methods (camera, radar, Laser Scanner)

- It can be concluded that pedestrians will not affect the measurements performed with our setup.
- Typical roadside furniture, such as lamp poles, are not practicable as proper radar reflectors for the tested radar systems.

- Snow had a very strong influence on the detectability of all tested reflectors. In contrast, moderate falling snow did not remarkably
affect the detectability of the reflectors.

Arctic Challengef Dr. Chris Handal
&) Roadscanners. All Rights Reserved.
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1. Posts and poles
for guidance and
positioning: active

What landmarks, such as delineators
and reflective posts, or snow poles and
plot access marks, support automated
driving? Where should these be
located? What should they be like?

() SHARPEYE

Material: Pasi Ikonen, SharpeyeSystemes,
pasi.ikonen@sharpeyesystems.com




Active Poles Guidance - Research Implementation

Muonin, Aurora VT12

* Poles

UWB b
» 20 poles with active beacon

* 40m distance between poles
* Exact position pre-mapped

. Car Unit / distance
* scanning distance 100 / sec

* Measurement technology

* UWB-IR
* Cent. Freq 6,5GHz - BW 500MH:z =
* Distance Measurement - Time of Flight UWB tracker

() SHARPEYE

Image: Selfdriving car beacon

TR‘I\'FICCM 30 March, 2020

18



RESULTS: Performance of UWB Active Pole System

Driving through road with beacons (Distance and time) " Parked car test. 8k position measurements. The grid is 5 cm

Beacons

oo i ‘
»
7

14800

TSI - ' :
511530 §611380 9 511300 611300 1611300 2611200 3 §12300.4 511500 £ 511300 6511300 7611200 8

(9) SHARPE YE 5

November 25, 2019 Replace with your footer
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Active Poles Guidance - Results

* Measurement accuracy

* Calculated over a 100.000 measurement the error or is approximately normally distributed

* with a standard deviation of 27mm

* The distance measurement error is independent of distance

* At higher speeds (>55km/h) positioning accuracy was getting worse with the current test setup

* This PERFORMANCE is SUFFICIENT for autonomous drive

* Measurement range

* This tested setup achieved close to 100 m range (99% reach)
* and by improving the setup much longer ranges can be achieved

* Weather

* Weather didn’t affect UWB range or accuracy based on these tests
* Tested at temp. 0C—-29C

* From sunny to heavy snowing conditions
(@) SHARPEY

TR‘I\'FICCM 30 March, 2020 20



Active Poles - Conclu:

isibility
to minimum three other
poles at the time

At high enough QG F! !
avoid rising level of snow Il distanca
and other obstacles , -

* 15cm free non radio

reflective space around

- keep position and

avoid violence

Current UWB needs power
of 1W which means: UWSB tracker

* Connection -
power

source
* Or big rechargeable

@)SHA batte
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2. C-ITS hybrid
communication

How could the C-ITS Day 1 hybrid services
improving traffic flow and safety be
implemented on the main road 21 and
Highway E8 Aurora Borealis Corridor
between Kolari, Finland and Tromso,
Norway, and what is their technical
operability? What Day 1 services should be
implemented in the Aurora Borealis

Corridor?

VTT

Material: Risto O6rni, VTT, risto.oorni@vtt.fi




Day 1 -messages and
commuhnications technologies

> Day 1 messages — . | B
> Stationary vehicle AL |
> Road Works Warning
> Slippery road

> Animal on the road
> Communication technologies
> ITS-G5
> LTE
> Pre-5G
> Automated vehicle verification

- Photos: Risto O6rni and Matti Kutila

and Lasse Nykanen
30 March, 2020 23
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Testfest 2 environment

Developed

d\Pnn|q Dynnlg
CCSP /, " linfotripla
2 \A/ /('
/ {\(boe
CCSP | ® DATEX Il
\@llIlllllllIllllllll'l-ll.
/

Day-1 service N -
messages

Public Cellular

\\ - ( )) 4G/LTE Network
@, w_

Hybrid Communication between

Traffic Management

OBUs, RSU and CCSP (4G/ETSI

. N
N dod )

@
NMEA protocol (interface) 7. OBU (ETSI G5/
RTK corrected location data 4G)

In-vehicle HMI
GreenFlow displays

RSU Wifi- 11p Mk2
ETSI G5)

dynniq

INDAG N

In-vehicle HMI
GreenFlow displays
Day-1 message

Indagon: RTK- d PIVNG
Positioning device

Day-1 message

A + “Dynamic” Slow or stationary
2 vehicle(s)

Road works warning

Two Day-1 messages to be tested (=use cases):

wo' > Center
o e (o)
Interoperability g'l—]kn ggg,sspr:x '
S&Ira Agency
A INDAG 'N

Indagon: RTK-
Positioning device

Aurora Arctic Challenge test road section - Highway E8

Figure (architecture testfest 2): members of the

VTT consortium
20



Conclusions

> Hybrid communication solution of ITS-G5 and LTE
radio communication technologies used for
communication of four Day 1 messages of
stationary vehicle, animal on the road, slippery
road and roadworks warnings, are functional under
arctic conditions.

> Transmission of C-ITS messages between several
operators is a prerequisite for the implementation
of an efficient, internationally compatible system.

> The ETSI ITS-G5 provides better stability but lower
coverage than commercial cellular LTE.

> Latency measures difficult due to low N and logging
time sync difficulties

TR‘I\'FICCM 30 March, 2020 25



3. Communication
infrastructure and
remote driving

How does the remote control and
monitoring of vehicles work in 4G and in
the first stage of the 5G network in
good/poor weather and road conditions?
What minimum requirements should the
communications network meet to enable
remote control of automated vehicles?

sensible?

Material: Jussi Suomela, Sensible 4,
jussi.suomela@sensible4.fi



Remote control and experiment

overview

> Automated driving is not always
feasible in all conditions.

> In worst-case scenarios, remote
control intervention by human
operator is required as fail-safe
strategy.

> This requires dependable
network for communications
between vehicle and remote
operator.

> In rural location and extreme
weather environment this is
much more a necessity.

TRATICCM

> Part 1: Remote Control-
Based Obstacle
Avoidance Takeover by
Remote Operator (4G /
LTE)

> Part 2: 5G Network
Analysis in Extreme
Weather Environment

30 March, 2020
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Experimental setup and results

ap —>

AUTONOMOUS NAVIGATION

a0 ) &

OBSTACLE DETECTED

- - >i

SAFE THRESHOLD VIOLATED, VEHICLE STOPPED

——

m//" &

REMOTE TAKEOVER BY REMOTE OPERATOR

i |a»—>

SAFE THRESHOLD MAINTAINED,
AUTONOMOUS NAVIGATION CONTINUES

TR‘I\'FICCM 30 March, 2020 28



oG TEST NETWORK MEASUREMENTS
PERFORMANCE EVALUATION

Key Performance Indicators Description about KPI Threshold Test
values Results
5G test network overall Linear | Jitter presents average packet delay; therefore, estimated 30 ms 5.20 ms.
Performance threshold jitter value (Cisco) is expected to balance the operation.
5 G test Network average Average throughput is a good KPI to analyze the performance of 5G |5 Mbps 2.4 Mbps
throughput test network by comparing it with a threshold value
5G test netwaork Service Service availability is another good KPI by analyzing the availability | 30 % service 88 %
availability on Test track of network coverage on FMI test track availability
during each lap.

Funded by:
sensible?) W TRATICCM 'SELF-DRIVING | EVERYWHERE
VAYLA Co-financed by the Cannecting Europe

A —— Facility of the European Unkon
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SUMMARY

e Remote Intervention by Remote Human Operator is a safety requirement for AV in
edge cases scenarios.

e AG/LTE network is not sufficient for video streaming due to the network latency issue.
e |tis obvious that 5G is the emerging solution for this case.

e 5G real network will focus on very high data rates with very low latency, praiseworthy
user experiences in densely populated areas, vehicular communication, proficient

management of several devices and reliability.

Funded by:
sensible?) Y TRATICCM SELF-DRIVING | EVERYWHER
VAYLA Coinanced by the Connecting Europe

Facility of the European Uinkon

wwwwwwwwwww

30



4. Positioning of
vehicle

In what way and how accurately could a
vehicle be positioned to fulfil the needs
of automated driving at northern
latitudes where no edge markings or
roads can be recognised? How can
different methods be applied to special
locations and situations, such as blind
spots or glare?

sensible* SOLID

Material: Umar Zakir Abdul Hamid, Sensible 4,
umar.hamid@sensible4.fi
Juha Hyyppa, Solid Potato




Tested techniques

'

> Simultaneous Location and Mapplng V
SLAM (relative positioning) -—

> Low-end laser scanner as positioning
device (Velodyne VLP-16)

> Pointcloud-to-pointcloud matching ——
(HD) (absolute positioning)

> Detailed high-accuracy pointcloud as —
HD map (high-end mobile laser
scanner)

3500
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Outcomes

> Typical accuracy for vehicle positioning was 20-30 cm
based on our integrated SLAM and HD map matching
approach (5 sec data), which was implemented to give an
upper bound error for autonomous vehicle localization, varied
between 5 and 50 cm mainly based on the availability of the
number of features in the surrounding.

> Consequently, the increase of the number of objects feasible
for point cloud matching, such as the snow sticks used to
guide the snow plough, are a good way to improve the
positional accuracy of autonomous cars in an easy manner.

> Rock cuts provided best results (even when collected during
winter in consecutive days)

> In reality, SLAM+IMU+GNSS+HD+other techniques are
integrated taking into account

TR‘I\'FICCM 30 March, 2020



TEST VEHICLE (SENSIBLE 4)

WORK OVERVIEW
Juto

AUTONOMOUS
° Sen?ible 4 Autonomous . GNSS (sou,s;:o"im) LIDAR-BASED
vehlcle Prﬂtﬂtype TE‘Et ng_ POSITIONING POSITIONING

. . . . HD-MAP BASED

e Equipped with drive by wire. (SOLID POTATO)

e Installed with required

sensors such as 3D-lidars,
radars for positioning and FOUR SCENARIOS
obstacle detection.
e More details can be found at Two maps generated:
. . o Normal condition and after snow-storm
http://sensible4.fi/technology

Positioning test using combination:
¢ Using “clear map”, test positioning in clear weather and in snowy
weather.
e Using snow map, test positioning in non-snow environment and in
snow environment

Funded by:
sensible?) Y TRATICCM SELF-DRIVING | EVERYWHERE
VAYLA Co-financed by the Connecting Eurcpe
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PERFORMANCE
UMMARY Y-AXIS
LATERAL DIRECTION

NON-SNOW DRIVING USING SNOW DRIVING USING NON-
NON-SNOW MAPS SNOW MAPS sensible?
Average Error (Relative Average Error (Relative
Position of Vehicle) 0.187 m | 0.1/ m Position of Vehicle) 0.105 m TRAFICCM
NON-SNOW DRIVING USING SNOW DRIVING USING SNOW oy e g s
SNOW MAPS MAPS

Average Error (Relative Average Error (Relative \’

Position of Vehicle) 0.166m Position of Vehicle) 0.117 m VAYLA

ety b b By




SUMMARY

RTK-GNSS-based positioning possesses 'no-Fix RTK-GNSS scenario.

HD-Based Positioning yields dependable positioning solution for AV, and does not
require any additional infrastructure-related systems.

The solution used by Sensible 4, a combination of the multiple sensors as well as non-
linear algorithms with the satellite information yield a reliable positioning
performance of an AV vehicle, even in rural Arctic conditions, with the maximum
lateral error of 0.187 m in all conditions using a single map.

Research should be performed to develop a wider geofencing region for HD maps
with large-scale test fleets and longer durations.

At the same time, a lot of effort is also directed at sensor development, which should
go hand-in-hand with software development.

Funded by:
sensible?) W TRATICCM SELF-DRIVING | EVER)
VAYLA Codinanced by the Connecting Europe
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Final report link:
https://julkaisut.vayla.fi/pdfi2/vt 201

9-19 arctic challenge web.pdf
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Thank you!
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